Background: Adding glimepiride to metformin monotherapy was reported to improve the glycemic status of patients with type 2 diabetes mellitus (T2DM), with tolerable safety profile.
Introduction TYPE 2 diabetes mellitus (T2DM) is one of the most common causes of morbidity and mortality worldwide, with major health and financial conse-Correspondence to: Dr. Yehia Ghanem, The Department of Internal Medicine, Unit of Diabetes, Faculty of Medicine, Alexandria University, Alexandria, Egypt quences [1] . Poorly controlled T2DM patients may experience a wide variety of micro-and macrovascular complications that merely affect every single organ in the body; however, early and proper control of glycemic status can minimize these consequences [2, 3] . The main lines of management of T2DM consist of lifestyle modifications and oral antidiabetics (OADs). OADs are proposed to reduce the chronic hyperglycemic status of T2DM patients through reducing insulin resistance, enhancing insulin secretion, and increasing glucagonlike-peptide-1 secretion [4] . However, a growing body of evidence shows that the administration of single OAD fails to properly control the glycemic status of patients with T2DM [5, 6] . Moreover, the need to reach the maximum tolerated dose with mono-therapy, in order to achieve the targeted glycemic control, was linked to increased risk of serious hypoglycemia [3] . Recently, It was recommended that OADs should be administrated in combination regimens with a complementary mechanism to achieve the targeted glycemic control in patients with poorly controlled T2DM [5] .
Glimepiride is a third-generation sulfonylurea that stimulates the pancreatic B cells to enhance insulin secretion with significant improvement in both first-and second-phase insulin secretion [7] . In addition, glimepiride showed a lower incidence of hypoglycemic events compared to other sulfonylureas [8] . It has been suggested that adding glimepiride to metformin-based therapy potentially leads to more improvement in glycemic control, as metformin improves hepatic and peripheral tissue insulin resistance while glimepiride enhances insulin secretion [9] . The use of a glimepiride/ metformin combination may improve patients' compliance compared with instructing the patient to multiple pills, as well [10, 11] . In addition to its cost-effectiveness, glimepiride/metformin combination was reported to minimize the side effects 4700 Glimepiride as Add-on Therapy in Type 2 Diabetic Patients with Metformin Monotherapy that may result from instructing T2DM patients to a high-dose of OAD mono-therapy [11] .
According to the Diabetes Atlas 2014, Egypt is considered the 8 th country in the International Diabetes Federation's top 10 countries for adults (20-70 years) with diabetes. Egypt has around 7.5 million patients with diabetes; where the diabetes comparative prevalence according to the WHO standard is 16.62% [12] . Despite the worldwide consensus recommendations, we lack the published literature from Egypt that assess the real-life efficacy of glimepiride/metformin combination in the management of patients with T2DM. In this regards, the present prospective study aimed to evaluate the safety and efficacy of prescribing glimepiride to Egyptian patients with poorly controlled T2DM on metformin monotherapy.
Patients and Methods
In the present observational prospective study, patients in 76 active sites from different governorates in Egypt between November 2013 and May 2016. Were included if they met the following criteria: (1) Adult patients ( ≥21 years) with poorly controlled T2DM despite being on the maximum tolerated dose, (2) Patients who received metformin monotherapy only, and (3) Patients whose physicians decided to prescribe glimepiride as add-on therapy to metformin. We excluded patients with severe hepatic or renal disorders, and patients with reported hypersensitivity to glimepiride or metformin.
The physicians were randomly selected according to their specialties. Each participating physician was asked to include consecutive patients during the recruitment period, starting from the initiation date at each site, to limit bias related to physicianled patients selection. For every participating patient, the following data were collected: Demographic characteristics, medical history, and baseline HbA1 c levels. The included participants were then followed for three months and HbA 1 c levels were measured at the end of the follow-up. Safety outcomes were measured throughout the course of treatment. All adverse events, whether related to the glimepiride/metformin combination or not, were recorded from the first day of therapeutic administration. The seriousness of the adverse events and corrective interventions were also monitored.
The primary endpoints of the present study were the mean change in HbA1 c after three months of treatment with glimepiride/metformin combination. Secondary endpoints included: The percentage of patients who reached the target HbA1c ≤ 7% after three months of treatment; the mean change in fasting plasma glucose (FPG), postprandial plasma glucose (PPG), and body weight (Kg) at the end of the study; and the incidence of adverse events.
Data entry, verification, and validation were carried out using standard computer software. A double-entry method was used to ensure that the data were transferred accurately from the case report forms to the database. Data were analyzed using the software, Statistical Package for Social Science (SPSS Inc. Released 2009, PASW Statistics for Windows, Version 18.0: SPSS Inc., Chicago, Illinois, USA), then processed and tabulated. Frequency distribution with its percentage and descriptive statistics with mean and standard deviation were calculated. Chi-square, t-test, correlations were done whenever needed. p-values of less than 0.05 were considered significant.
The study was conducted in full accordance with the guidelines for good clinical practice and the Declaration of Helsinki, and data for each patient were collected only after obtaining that patient's signed written data release forms.
Results
Initially, we screened a total of 1050 patients from Egypt with poorly controlled T2DM, for whom the investigators decided to add glimepiride to metformin monotherapy. Out of those 1050 initially enrolled patients, 12 patients did not meet the eligibility criteria, while 83 patients were excluded for loss to follow-up. Thus the efficacy analysis included only 955 patients. The dosing regimens and the need to add insulin or other medications were left to the investigators to experience the real-life practice.
The majority of subjects (60.8%) had T2DM since 1-5 years. The mean age of the included patients was 48.2 ± 11.4 years with an average weight of 88.2 ± 12.9 kg. Slightly more than half (53.9%) (f the patients) were males. The baseline systolic blood pressure was 130.4 ± 15mmHg, diastolic blood pressure 82.5 ± 8, and heart rate of 79.5 ±7.9 beat/minute. Almost 80% of patients reported a positive family history of diabetes, and 41.6% of the patients had medical or surgical complications rather than diabetes. The majority of patients were instructed to ≤2000mg daily of metformin. After the baseline visit, all patients were instructed to glimepiride, and most of the patients were prescribed to ≤4g daily. Notably, a total of 10 (9.6%) patients needed add-on basal Fig. (1) . The mean change in FPG level was 56.8mg/dL (95% CI: 59.75 to 53.85mg/dL) at month three, while the mean relative reduction was 27.9% (p<0.001). The PPG level decreased significantly by a mean of 90.4mg/dL (95% CI:
94.69 to 86.10mg/dL) at the end of study period (p<0.001). While the mean change in body weight was 0.87kg (95% CI: 1.11 to -0.63kg) ( p<0.001).
( Table 2) .
Throughout the study period, 11 patients (1.06%) experienced a total of 15 adverse events. Mild hypoglycemia occurred in six subjects with no incidence of severe hypoglycemia. Hyperglycemia occurred in two cases, both were mild and were not considered as treatment-related. The incidence of adverse events throughout the study period are shown in Table ( 3). insulin, 3 (0.3%) patients needed rapid-acting insulin, and 6 (0.6%) patients needed other OADs (Table 1) . After three months of treatment, the HBA1 c decreased significantly from 8.96± 1.38% to 7.4± 1.1%. The mean change in HBA1c level at the end of follow-up was -1.54% (95% CI: -1.61 to 1.46%), and the mean relative reduction was 16.3% (p<0.001). At the final visit, 31.7% of patients achieved the targeted HbA1c level ≤ 7% 68.3%
31.7%
4702 Glimepiride as Add-on Therapy in Type 2 Diabetic Patients with Metformin Monotherapy Response Fig. (1) : The percentage of patients who responded to treatment after 3 months.
Discussion
Glimepiride and metformin are one of the most commonly prescribed OADs worldwide. Metformin improves insulin resistance in peripheral tissue and hepatic cells, making it widely recommended as the first OAD of choice, particularly for newly diagnosed patients with T2DM. On the other hand, glimepiride is a third generation Sulfonylurea that enhances insulin secretion through stimulating pancreatic B cells. Glimepiride, in comparison to other sulfonylureas, can selectively target the pancreatic ATP-sensitive potassium channel leading to an improvement in glucose transport [13] . When Metformin mono-therapy fails to control the hyperglycemic status of T2DM patients, glimepiride can be prescribed as add-on therapy. In the present real-life study, 31.7% of patients, who were prescribed to glimepiride/metformin free combination, achieved the targeted HbA1c ≤ 7% after three months of treatment. In addition, the mean HbA 1 c level showed a statistically significant reduction by 1.54%. In addition, FPG, PPG, and body weight decreased significantly at the end of the study. Glimepiride/metformin free combination exhibited a tolerable safety profile as well.
According to 2012 ADA/EASD position statement, adding a second agent to metformin is expected to reduce HbA1c level by 1.5% in patients with poorly controlled T2DM [14] . In the present study, we observed a significant reduction in HbA1c by 1.54% after the prescription of glimepiride/ metformin free combination. In concordance with our results, a growing evidence of the published literature reported the clinically significant efficacy of glimepiride/metformin combination. Pareek and colleagues conducted a prospective study to evaluate the efficacy of glimepiride/metformin free combination on 93 patients with uncontrolled T2DM, they reported that HbA1c decreased significantly after three months of treatment (mean change = -0.7± 1.55); a similar significant reduction was observed in FPG and PPG levels [9] . González-Ortiz and colleagues, a study on 76 patients with uncontrolled T2DM, reported that a total of 44.6% of the patients in glimepiride/metformin combination group achieved the targeted HbA 1 c level after 12 months of treatment [15] .
Glimepiride/metformin fixed-dose combination was reported to be effective as well. Kim and colleagues [16] conducted a randomized controlled trial on 209 patients with T2DM, they concluded that glimepiride/metformin fixed-dose combination therapy was more effective in glycemic control than metformin up-titration, with similar safety profile. The targeted HbA1 c level was achieved in 74.7% of the patients (versus 46.6% patients in metformin group), with a significantly greater reduction in mean HbA1 c level at the end of treatment. Another report showed that the fixed dose combination of glimepiride/metformin achieved 3% reduction in mean HbA1c level after three months, while half of the patients showed a HbA1 c reduction of at least 1% [17] .
Hypoglycemia is a major concern when using sulfonylureas. However, glimepiride was reported to be associated with lower rates of severe hypoglycemia than other sulfonylureas, which may be attributed to its potentially controllable effect on insulin secretion [18] . Pareek and colleagues [19] reported an incidence rate of 2% of symptomatic hypoglycemia. Another report showed a higher proportion of hypoglycemic events were observed in the glibenclamide group compared to glimepiride group (28.9% vs. 17%, respectively) [15] . The Korean study by Kim and colleagues [16] reported a high incidence of hypoglycemia in glimepiride/ metformin combination group (41%), while metformin group showed an incidence of (5%). However, in the present study, hypoglycemia occurred in 6 (0.5%) patients only, with no reported severe hypoglycemic event.
In this observational study conducted in Egypt, the addition of glimepiride to metformin monotherapy in patients with uncontrolled T2DM was associated with an improved glycemic control and was well-tolerated.
